INTRODUCTION Scope
The results are tabulated for 13 internuclear separations between 1 and 4 a 0 . Processes involving molecular hydrogen are of great practical and fundamental importance. . Branching ratios for this were calculated using the superexcited molecular hydrogen, H** 2 . This has been time-delay matrix method of Smith.
13,14 done in two ways: by explicitly fitting the eigenphase Resonances were located and fitted to a Breit-Wigner sums for low-lying resonances in a series and by calculatform using an automated search procedure. 15 For all resoing quantum defects for resonances series by considering nances the time-delay matrix was constructed and diagoabove threshold scattering. For resonances converging to nalized at the fitted resonance position, E r . The largest the 2 P u state of H / 2 and lying above the 2 S / u state, eigenvalue of this matrix yielded an alternative estimate branching ratios for autoionization have also been calcuof the resonance width, G, and, where appropriate, the lated. These resonances, although observed experimencorresponding eigenvector gives the branching ratio. 13 In tally, 10 have not previously been considered. most cases the two methods of estimating the resonance The present calculations have been performed using widths gave excellent agreement. Significant disagreethe R-matrix method for the 1 S fits are tabulated in Tables I and II 
It proved difficult to obtain reliable fits to resonances which approached the H / 2 ground state, such as the lowest
1 S / g resonance at internuclear separation R Ç 2.6 a 0 . This problem has been well studied elsewhere, 6 and no special where energies are in rydberg (Ry). E t is the energy of effort was made to obtain resonance parameters in the the threshold with which the particular (resonance) state crossing region. can be associated. The effective quantum number, n, is For the quantum defect parameters, the crucial paramerelated to the real part of the quantum defect by ter is the energy, e, above threshold at which the S-matrix
is computed. A number of tests were performed before it was decided that e Å 0.0008 Ry constituted a reliable where n is an integer. For bound states, such as the Rydvalue. Again it was found that the real part of the complex berg states of H 2 detailed in Table III , B Å 0. For resodefect, A, which corresponds to the position was much nances, the complex quantum defect, m, is given by more stable than the imaginary part, B, from which resom Å A / 2iB.
(3) nance widths can be estimated. A few B values were found to vary quite strongly as a function of e. Estimates of A and B, which are assumed to vary
The tables of quantum defects label each column with smoothly and usually slowly with n, can be obtained by partial wave quantum numbers. Of course these quantum performing scattering calculations above threshold. 16, 17 numbers are only approximate and were obtained by orSuch calculations were performed at 0.0008 Ry above dering the quantum defects according to their dominant each threshold. Table III P u states of (avoided) crossings, this is not so. These instances are H / 2 respectively. It is possible to correlate the threshold characterized by A values which either approach each resonance parameters with those presented for the low n other and move apart again or cross as a function of members of the same series presented in Tables I and II. internuclear separation, R.
As parameters for only a few resonances are presented
The tabular material presented below may also be obin Tables I and II, Tables IV and V. phys.ucl.ac.uk or via the author's world wide web home page at http://jonny.phys.ucl.ac.uk/home.html. The files Accuracy have been placed in directory pub/astrodata/H2**, where There are two aspects which need to be considered the tables are given in both L A T E X and simple text form. when attempting to assess the accuracy of the data presented here: the accuracy of the model employed and any Acknowledgments errors in the methods used to extract the parameters.
I thank Annick Suzor-Weiner for encouraging me to It is difficult to give a definitive estimate of the accure-address this problem. I also thank the staff and visitors racy of the underlying calculations. However there are at the Institute for Theoretical Atomic and Molecular many calculations of H** 2 resonance positions and widths, Physics (ITAMP) for many helpful discussions, and in and the present results are in very good agreement with particular Hossein Sadeghpour for drawing the time-delay those obtained in recent calculations. 6, 7 Indeed, no evimatrix method to my attention. This work was supported dence could be found for errors or omissions in previous by the US National Science Foundation through a grant calculations which had been suggested by analysis of for ITAMP at Harvard University and Smithsonian Astrosome recent experiments. 8, 9 physical Observatory and by the UK Engineering and In estimating resonance parameters, the positions and Physical Science Research Council. the widths behave somewhat differently. It is easy to obtain reliable resonance energies in a calculation: even References poor fits yield good estimates. Conversely resonance widths can be very sensitive to the fitting procedure used. 
